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DYNAMIC RESPONSE OF A FLOATING VALVE: A NEW
SHUTDOWN SOLUTION FOR SCROLL COMPRESSORS
Macinissa Mézache, PhD, Copeland Corporation, 1675 W. Campbell Road
Sidney, OH 45365-0669, USA; Tel.: 937/498-3786; Fax: 937/493-2366
E-Mail: mmezache@copeland-corp.com

ABSTRACT
The introduction of scroll technology into the air-conditioning and refrigeration industry has established a
new baseline for system performance, with respect to both energy efficiency and noise. Scroll
compressors exhibit generally better energy efficiency and lower noise levels during steady operation, and
they are more reliable because of the smaller number of moving parts required for their operation. This
technology, still evolving, also presents us with other challenges. Since scroll compressors designed for
air-conditioning applications do not require discharge valves, other than the check-valve which prevents
premature pressure equalization in the system, the shaft is driven in reverse rotation on shutdown by the
high pressure gas in the discharge plenum. This reverse rotation produces higher noise levels and may
cause components to be over-designed. A new device, the floating valve, has been implemented to
address this issue. The spectral content and psycho-acoustic character of the shutdown sound signature
are discussed in this paper.
INTRODUCTION
Scroll compressors designed for air conditioning applications do not require discharge valves. As a
result, when power to the compressor is interrupted, the orbit scroll is driven in reverse rotation by the
high pressure gas in the discharge plenum. Currently, a two-blade propeller-like device is used as a
shutdown solution. This device, referred to as a fluid brake, is attached to the lower end of the shaft
through a unidirectional clutch. The propeller, which remains immersed in oil, has no motion relative to
the shaft when in reverse rotation. On shutdown, the drag forces exerted by the oil on the propeller resist
the reverse motion of the shaft and bring it gradually to rest. Without a shutdown solution, this reverse
rotation produces a transient sound whose level is higher than that under steady state operation. A new
shutdown device, the floating valve, was introduced to replace this current fluid brake, as an improvement
in its function performance. The sound produced by the compressor on shutdown with the floating valve
is a single, jet-like event of short duration. Although this sound produced instantaneously by the gas flow
through the valve has a hig her level, it was perceived as better than the longer sound of the scrolls
coasting during the shutdown transition with the fluid brake. The valve sound, which dominates in the
higher frequencies of the spectrum, is more easily attenuated as we will see later.
An attempt was made to find a descriptor that would characterize the subjective perception of the
valve sound. Existing descriptors have been used successfully on steady state sounds and considerable
efforts have been made to extend their usage to transient sounds. In 1977, The Committee on Hearing,
Bioacoustics, and Biomechanics (CHABA) on the National research Council reported on the effects of
high-energy impulsive sounds, such as those produced by sonic booms, artillery ranges and blasting1 .
Individual impulsive events were considered with a C-weighted sound exposure level (CSEL) of 85 dBC
(75 dBC at night) as high-energy impulsive sounds. The definition of the duration of up to one second for

the main event was used in the report. The use of the C-weighting in the descriptors characterizes a
higher concentration of sound energy in the lower frequencies of the spectrum, which not only cause
human discomfort but they also can have damaging effects on building structures. Later, in 1981,
CHABA’s Working Group on Community Response to High-Energy Impulsive Sounds addressed the
effects of high-energy impulsive noise exposure on communities. Based on very limited data obtained on
sonic booms and artillery events, the C-weighted day-night average sound level (CDNL) was
recommended as a descriptor 2 . Subsequent work carried out under controlled environment included a
larger number of variables, which made the interpretation of the results more complicated. A literature
survey on community response to high-energy impulsive sounds between 1981 and 1996 was conducted
by the National Research Council3 , which showed more recent attempts made to establish relationships
between dosage and subjective response. The experimental data of the subjective response (proportion of
highly annoyed respondents) expressed as a function of the dosage (CDNL) exhibited such large
variability that a curve-fit of any sort was not possible. In other attempts to establish models to predict
annoyance, annoyance rate of growth was studied by comparing the C- and A-weighted sound exposure
levels due to impulsive and non-impulsive sounds, such as blasts and motor vehicle pass-by. This
exercise was repeated in a controlled environment using band-limited white noise as a non-impulsive
sound source. It was found that, for equal annoyance, an increase of one C-weighted decibel corresponds
to an increase of two A-weighted decibels. The difference in this growth rate was not explained, but it
could be merely due to the filtering effect of the A-weighting. These descriptors, expressed in terms of
A-weighted levels, are used to represent the subjective character of non-high energy impulsive sounds
under the assumption that “startle and annoyance due to unexpectedness are neglected” 4 . Ironically,
annoyance is one of the very things we are attempting to evaluate.
In general, loudness and annoyance are not independent. The louder a sound is, the more
annoying it is perceived. The annoying perception of sound is affected by both acoustical factors (e.g.,
level, duration, frequency content, transient and intermittent characters) and non-acoustical factors (e.g.,
time of the day, attitude, habits, geographical location. Single -number descriptors in use today do not
even take into account the effects of the most basic factors, viz level, duration and frequency content,
simultaneously. At least one of these factors is left out in the evaluation process. The single -number,
used currently to represent the shutdown sound performance of our scroll compressors, is closely related
to the Single Event Noise Exposure Level (SENEL) which is much used to qualify the sound produced by
aircraft fly-over. Both descriptors take into account the event’s level and duration, but not the frequency
information, other than the A-weighting. When the effects of the frequency are accounted for, as in the
case of the Noise Criterion (NC) or its Preferred version (PNC), the duration of the event is no longer in
the equation as the descriptor is used to qualify indoor steady noise sources. Yet, another descriptor is
provided by the RC curves, which is the preferred alternative to both NC and the A-weighted sound levels
for the subjective assessment of the sound produced by HVAC systems. The use of RC curves is limited
to sources with neutral-sounding spectra and, again, whose overall level does not vary significantly.
These single -number descriptors, all based on the A-weighted levels, are (correctly or incorrectly) used in
an extensive manner because of their computational simplicity.
VALVE OPERATION
The floating valve is attached to the floating seal as shown in Figure 1. The valve assembly,
which consists of the valve disk and its retainer, is shown in Figure 2. The disk must perform its primary
function as a shutdown device: the disk must adhere and remain up against the retainer during the
compressor operation and, on shutdown, it must travel down to its lower position to obstruct the discharge
holes located on the floating seal. Once in this position, the gas under high pressure in the discharge
plenum is prevented from rushing into the suction plenum, preventing the shaft from rotating in the
reverse direction, which could otherwise generate “noise or rumble which may be considered

objectionable and undesirable”5 . A bleed hole is provided to allow pressure equalization between
discharge and suction sides. A more detailed description of the valve can be found in Reference 5. The
objective of achieving this behavior was reached at all conditions of the operating map for airconditioning applications (see Figure 3), without deteriorating the compressors’ performance, in both
sound and energy efficiency.
During compressor operation the disk is held up against the retainer by stiction forces which are
produced by the surface tension of an oil film trapped between the disk and the mating surface on the
retainer. These forces, which play an important role in our application, have been studied in other areas
where they have a negative effect6,7,8 . Bauer6 investigated the effects on the life of compressor valves due
to liquids present in the gas stream. He calculated the force required to separate two circular surfaces
with an oil film in between. This force causes the opening of the valve to be delayed, which results in
excessive impact velocities and precipitates the valve failure. Special attention was given to the influence
of geometry on the sticking effect. Khalifa and Liu 7 showed that, in addition to the forces due to the
pressure difference in the port area, surface tension and viscosity, there is a second force term due to this
pressure difference. This term tends to reduce the total sticking force. Killmann8 investigated the
aerodynamic forces acting on valve disks. He showed that the valve motion exhibits instability, leading
to vibration and valve flutter. Other micro-effects of stiction, which pose serious problems in the
manufacture of micro-electromechanical systems (MEMS), are being investigated extensively.
The stiction forces in the present application were adjusted to release the disk only when the
compressor is shut off. A numerical model of the fluid dynamics was used to analyze the pressure
distribution around the valve during the shutdown transition. Although this model gave a general
direction towards the solution, considerable efforts were put into refining the valve. Dimensional aspect
ratios became important because of its small size.
RESULTS AND DISCUSSION
The time it takes a compressor with a floating valve to come to rest after power cutoff is reduced
by about a factor of two. This is illustrated in Figure 4 by the sound signatures produced by two
compressors of the same model, one with a fluid brake and the other with a floating valve, measured at 3
feet in a hemi-anechoic chamber. The sound produced with the fluid brake exhibits two events indicating
its intermittent nature, compared to the floating valve’s single event. The frequency content of a
shutdown event and that of the next start-up event are shown in Figure 5. Two points stand out in this
figure. First, the concentration of the sound energy in the higher frequencies, due to the gas flow,
dominates the spectrum of the shutdown event. Second, the total peak sound pressure level due to
shutdown is comparable to that produced by the start-up event. The introduction of the floating valve did
not affect start-up sound. Since the level and frequency content affect both loudness and annoyance, we
are still faced with the difficulty of assessing the subjective perception of the shutdown sound with the
inclusion of the event duration.
Gales9 wrote that impulsive character contributes to the annoyance of environmental noise, but it
is not yet included in any descriptor already in use, such as those mentioned previously. With reference
to loudness, however, it was reported in a reprint of a Hewlett-Packard Company document10 , that
loudness is independent of duration for pulse widths larger than 200 ms. Although a graph was included
in this reference, its origin could not be tracked. Then, if the event duration is left out and if we assume
that loudness and annoyance are not independent, the loudness descriptor may be used, which includes
the effects of level and frequency content. On this basis, the subjective loudness11,12 of the shutdown
sound was calculated and found to be three times higher than that with the fluid brake. This was verified
subsequently by a jury formed by individuals gathered within the company. While some of the jury

members were engineers, none had any background in acoustics. The jury disagreed unanimously with
the calculated loudness. At that point, the compressor with the floating valve was installed in a
commercial system for further evaluation. This armoire-size system was 75 inches high, 56 inches wide
and 19 inches deep. The intake and exhaust vents, which stretched over the width of the front panel, were
respectively 19 inches and 11 inches in height. The intake vent was located about 35 inches above
ground level and the exhaust vent 35 farther above. This evaluation was performed by considering the
worst case scenario, where the system would be located in the dining room of a restaurant, about 3 feet
away from the closest table.
The system was brought to condition at its rated operating point and the sound pressure levels
shown in Figure 6 were measured. The microphone was placed 3 feet directly from the system and about
4 feet above ground level, which represents the average elevation of the human ear in a sitting position.
The sound signal from the system was steady as it was dominated by the fan. The shutdown event
became so faint it was hardly audible, and the start-up sound, which fell within the fan’s frequency range,
was completely masked.

SUMMARY
In summary, the floating valve was released as an improvement in the sound performance. The sound
energy concentration at the higher frequencies presents the advantage of being more easily manageable.
The valve consisting only of one moving part with a simple geometry represents another improvement in
design simplicity. The question of a self-contained descriptor that characterizes the subjective perception
of transient sounds is still open.
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Details of the floating valve.
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Operating map for air-conditioning applications
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Figure 4.

Sound pressure levels produced on shutdown with the floating valve
compared to regular production. Note the intermittent nature of the
sound produced with the fluid brake, compared to the valve single event.

Floating Valve Shutdown-Startup Sequence

Shutdown

Start-up

90
80
70
60
50
Total
6300
3150

40

1600
800

30

400
200

20
0

2

4

6

8

Time (sec.)

Figure 5.

Fre
que
ncy
...

Sound Pressure Level (dBA)

100

10

100
12

14

Spectral contents of the sound pressure levels produced during on shutdown
followed by a start-up event.

100

90

Shutdown Event

Start-up Event

80

Compressor Alone

Sound Level (dBA)

70

60

Compressor in Unit

50

40

30

20

10

0
0

2

4

6

8

10

12

14

Time (sec)

Figure 6.

Sound pressure leve ls produced on shutdown and start- up with the floating
valve. The overall levels were dominated by the system’s fan.

